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Abstract— In the present paper, a new technique to reduce 
mutual coupling between linearly arranged patch antenna 
array is presented. Antennas are arrange in close space with 
edge-to-edge separation of 0.096λ and center-to-center spacing 
of 0.29λ, where λ is the free space wavelength. Two separate 
rectangular shape and T-shape parasitic elements are used to 
cancel the surface current (SC) in order to reduce mutual 
coupling. The parasitic elements are placed in between the 
antennas with an extension of the T-shape towards the 
boundary of patches. The obtained results indicate that mutual 
coupling for two consecutive antennas are less than -15 dB over 
the entire bandwidth. 
Keywords—patch antenna, parasitic elements, surface 
current (SC), mutual coupling 
I. INTRODUCTION  
Due to the increasing demand of high data rate for 
wireless communications, multiple-input multiple-output 
(MIMO) antenna has become a hot topic over the last two 
decades. Mutual coupling is a key factor in MIMO that 
adversely affects the performance of the antenna. This factor 
can be reduced by increasing the spacing between the 
antennas. However, modern communication systems often 
requires compact MIMO devices. Thus, mutual coupling is 
usually inevitable [1]. Different techniques have been 
developed to reduce mutual coupling for compact MIMO 
antennas. For examples, defected ground structures (DGSs) 
was used to reduce mutual coupling in [2], [3]. It is an 
effective way to reduce coupling but the appearance of back 
lobes can seriously affect the front-to-back ratio, which can 
be a serious issue for, e.g., base station antennas. In [4], 
electromagnetic band gap (EBG) structure was used to 
increase the isolation performance. However, the EBG 
structure requires certain spacing between two antennas. 
Shorting vias can be used to suppress the surface wave and 
tune the polarization of a patch antenna [5]. Thus, orthogonal 
polarized antennas with low mutual coupling can be 
achieved using this technique. Nevertheless, it is difficult to 
extend this technique to multi-port antennas with more than 
two antenna elements. Metasurface walls were used to 
suppress the radiation coupling at the cost of increased 
profile [6]. In [7], slotted complementary split ring resonator 
(SCSRR) was used to reduce mutual coupling. Neutralization 
line [8] and decoupling network [9] have been shown to be 
effective mutual coupling reduction techniques. Yet, the 
implementation complexity increases with number of 
antennas. In [10], a parasitic element was used on the 
substrate material in order to obtain an effective decoupling 
by multilayer structure. 
In this paper, we reduce the mutual coupling of a MIMO 
antenna by placing parasitic elements in between the 
antennas. The parasitic element consists of two parts: a 
rectangular loop and a T-shape loop. We consider a compact 
MIMO antenna in this work. The spacing between the 
consecutive antennas is rather smaller, i.e., edge-to-edge 
separation of 0.096λ and center-to-center spacing of 0.29λ. 
The proposed structure is inserted in between every two 
adjacent antennas (see Fig. 1). Thanks to the proposed 
decoupling structure, an isolation of more than 15 dB is 
achieved over the entire bandwidth, with 10-dB isolation 
enhancement at the center frequency (5.8 GHz).    
II.  DECOUPLING STRUCTURE OF MIMO ANTENNA 
We consider four linearly arranged microstrip patch 
antennas as depicted in Fig. 1. The patch Antennas are fed 
by coaxial cables. The inner and outer diameter of coaxial 
cable is 1.2mm and 4.1mm respectively. The dielectric in 
between the inner and outer conductors is Teflon (PTFE) 
with permittivity of 2.1. The probe is located at a distance of 
1.5 mm below the center of the patch. The MIMO antenna is 
design to operate at frequency of 5.8 GHz with a common 
substrate and ground plane. The substrate is commercially 
available material of Rogers RO4350B with relative 
permittivity of 3.48 and height of 1.524mm. The length and 
width of substrate is Ls=80mm and Ws=30mm respectively. 
Ground is of the same length and width as the substrate, 
while the height of the ground is 0.02mm. The rectangular 
patch has dimensions of Wp=12.67mm and Lp=10mm. The 
edge-to-edge distance of two adjacent antennas is 5mm 
(0.096λ); and the center-to-center distance is 15mm (0.29λ). 
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The two parts of the decoupling structure (i.e., rectangular 
loop and T-shaped loop) are shown in Fig. 2. The 
dimensions of the rectangular loop are L1=18.1mm, 
L2=1.2mm, L3=0.25mm, L4=0.3mm. The dimensions of the 
T-shaped loop are L5=12.35mm, L6=0.3mm, L7=0.7mm, 
L8=0.33mm, L9=5mm, L10=0.3mm, L11= 1mm, L12= 0.3mm, 




Fig. 1. Proposed MIMO antenna array structure 
 
 
Fig. 2. Proposed decoupling structure, rectangular shape (left) and T- shape 
(right) 
 
III. DECOUPLING MECHANISM  
    Generally, when the spacing between multiple antennas is 
less than λ/2, it results into a serious performance 
degradation due to the presence of strong mutual coupling. 
To improve the isolation performance of such antennas, a T-
shaped loop and a rectangular loop are placed between two 
antennas to suppress the mutual coupling. The length of the 
T-shaped loop is chosen to be resonating at around 5.9 GHz. 
Fig. 3(a) presents the S-parameters by inserting the T-
shaped loop in between antenna elements 1 and 2. The deep 
at 5.9 GHz in the S21 curve is due to the resonating nature of 
the T-shape loop. Analogously, Fig. 3(b) presents the S-
parameters by inserting the rectangular loop in between 
antenna elements 1 and 2. It can be seen that the rectangular 
loop itself has little effect on the decoupling performance, 
but when combined with the T-shaped loop, it helps enhance 
the isolation by shifting the resonance frequency of the T-
shaped loop towards the center frequency of the antenna. 
Fig. 4 shows the absolute surface currents without 
decoupling structure, when port 1 is excited while others are 
terminated with 50-ohm resistance. The coupling currents 
can be observed in the nearby elements.  
It is illustrated in Fig. 5 that by introducing the 
decoupling structure, the surface currents are confined 
within the vicinity of radiating element and the parasitic 
elements. Therefore, it can be concluded that the decoupling 






Fig. 3. Scattering parameters: (a) T- shape loop; (b) Rectangular shape 
 
 
Fig. 4. Surface current distribution without decoupling structure 
 
 




IV. SIMULATION RESULTS AND DISCUSSION 
  Fig. 4 shows the values of reflection coefficient of the 
MIMO antenna with the proposed decoupling structure. 
Because of the symmetrical structure, only S11, S22 are 
shown in Fig. 4. The bandwidth is defined as the frequency 
range over which the reflection coefficient is below -10 dB.  
Fig. 5 compares the mutual coupling coefficients without 
and with decoupling structure. Without the decoupling 
structure, the values of S21, S31, and S41, are -9dB, -12.1dB, -
12.7dB at 5.8 GHz, respectively. With decoupling structure, 
the corresponding values are -19dB, -28.7dB, -37.8dB at 5.8 
GHz, respectively. The worst mutual coupling coefficient is 
reduced from -9 dB to -19 dB, i.e., a 10-dB improvement at 
5.8 GHz. It shows that good isolation of 15 dB is achieved 
between adjacent antennas over the entire bandwidth. 
                  
                           
Fig. 6. Reflection coefficient with (w) decoupling structure 
 
 Fig. 7. Coupling coefficient without (w/o) and with (w) decoupling 
structure  
V. CONCLUSION 
In this paper, a decoupling structure is proposed to reduce 
the mutual coupling of a compact MIMO antenna. The 
decoupling structure reduce the worst mutual coupling by 10 
dB at 5.8 GHz. A good isolation of more than 15 dB is 
achieved over the entire bandwidth. 
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